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Purpose: The indications for deep venous valvuloplasty remain controversial in patients with incompetent deep vein valves
associated with primary varicose veins. The purpose of this study was to evaluate the usefulness of external femoral
valvuloplasty performed simultaneously with varicose vein surgery from the standpoint of venous function determined
with air plethysmography.
Patients and Methods: Thirty-one limbs of 25 patients (12 men, 13 women; mean age, 56.3 years; range, 33 to 80 years)
with chronic venous insufficiency caused by valvular incompetence of both deep veins and saphenous veins were studied
in a prospective, nonrandomized fashion. Descending phlebography showed moderate to severe reflux of grade 3 or 4
with Herman and Kistner classifications. Clinical severity of disease was CEAP classification 2S (in six limbs),
classification 3 (in three limbs), classification 4 (in 16 limbs), classification 5 (in two limbs), and classification 6 (in four
limbs). We performed superficial venous surgery alone in 14 limbs (control group), which consisted of stripping or
ligation of incompetent saphenous veins and ligation of all incompetent perforators. In the remaining 17 limbs (study
group), we performed superficial venous surgery simultaneously with external valvuloplasty of the femoral vein with
intraoperative endoscopic observation. Venous reflux of the limbs was evaluated with air plethysmographic examination
before surgery and at 1, 6, 12, and 24 months after surgery in both groups.
Results: Preoperative venous filling index (mean  standard deviation) in the control and study groups was 9.4  3.8
mL/min and 8.8 3.5 mL/min, respectively (not significant), and it decreased to 7.0 3.6 mL/min (P < .01) and 2.8
1.0 mL/min (P < .01), respectively, 1 month after surgery. Postoperative index values in the study group were
significantly lower than values in the control group (P < .01), and this difference continued for more than 2 years after
surgery (P < .05). After a follow-up period of 12 to 37 months (average, 25 months), the venous clinical severity score
was higher in the control group (3.4 1.7) than in the study group (2.1 0.3; P < .05), and the venous disability score
was higher in the control group (1.4  0.6) than in the study group (0.8  0.8; P < .05).
Conclusion: Although further follow-up study is necessary, these results point to the functional and clinical usefulness of
femoral valvuloplasty performed simultaneously with varicose vein surgery in patients with moderate to severe deep
venous reflux. The venous filling index obtained with air plethysmography is an excellent predictor of the clinical severity
of the disease and of postoperative clinical results. (J Vasc Surg 2002;36:922-7.)
Deep venous reflux associated with varicose veins is well
known in patients with nonthrombotic chronic venous
insufficiency (CVI).1-3 However, its clinical significance has
not been determined, and traditional surgery for primary
varicose veins has focused on interruption of superficial
venous reflux. The issue of whether deep venous reflux can
be corrected with superficial venous surgery (SVS) has not
been resolved.
Since Kistner4 first reported the successful repair of a
deep femoral vein valve in 1968, there have been many
reports of good long-term results of deep venous valvulo-
plasty, both with direct and indirect techniques on limbs
with CVI.5-10 However, most venous valve reconstructions
have been performed in lower limbs with stasis ulcers
caused by both primary and postthrombotic deep venous
reflux.6,10 In the treatment of CVI caused by both primary
superficial and deep venous reflux, SVS and interruption of
incompetent perforators is often performed. However, the
indications for deep venous valvuloplasty remain contro-
versial in these patients, and the appropriate time to per-
form valvuloplasty, either simultaneously with SVS or as a
staged operation, has not been well researched. The pur-
pose of this study was to evaluate the usefulness of external
femoral valvuloplasty performed simultaneously with vari-
cose vein surgery from the standpoint of venous function
determined with air plethysmography (APG).
PATIENTS AND MATERIALS
Between December 1998 and February 2001, we con-
ducted a prospective, nonrandomized study of 31 limbs in
25 patients (12 men, 13 women; mean age, 56.3 years;
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range, 33 to 80 years) with CVI caused by chronic valvular
incompetence of deep veins, saphenous veins, and perfora-
tors (Table I). The patients with postthrombotic syn-
drome, a clinical history of deep vein thrombosis (DVT), or
recurrent varicose veins/ulcers after stripping were ex-
cluded from the study. The criterion of deep venous incom-
petence was the presence of moderate to severe reflux of
grade 3 or 4 with the Herman and Kistner classifica-
tions11,12 on descending phlebography, which was per-
formed according to the Thomas method13with slight
modifications. In brief, the patient was in the supine posi-
tion with an 18-gage cannula inserted into the common
femoral vein of the affected limb. The patient was asked to
perform a sustained Valsalva’s maneuver during which 20
mL of iopromide (62.34%) was slowly injected through the
cannula at 1 mL/s. With fluoroscopy, contrast reflux was
observed for 30 seconds and was recorded with high-
resolution digital cineangiograph (Advantx LCN Plus, GE
Yokogawa Medical System, Tokyo, Japan). The valve struc-
tures with mobile fine cusps or that were partly functional
were selected in the femoral and popliteal veins for surgical
repair. If reflux occurred 10 or more seconds after the
beginning of the injection, the femoral venous valves were
defined as competent. No patient in this study had evidence
of venous obstruction or previous distal thrombosis on
ascending phlebography.
The clinical severity of disease of the patients studied
was CEAP14 classification 2S (in six limbs), classification 3
(in three limbs), classification 4 (in 16 limbs), classification
5 (in two limbs), and classification 6 (in four limbs; Table
II). The candidate limb for deep venous valvuloplasty was
the moderately to severely symptomatic limb with grade 3
or 4 deep venous reflux. After patients were given adequate
information, which included valvuloplasty’s advantages and
disadvantages (eg, longer skin incision and hospital stay,
higher cost compared with that of SVS alone), they were
divided into two treatment groups according to each pa-
tient’s choice of procedure.
The surgery for superficial veins consisted of interrup-
tion of incompetent greater and lessor saphenous veins and
perforators and multiple phlebectomies. The greater saphe-
nous veins (GSVs) were usually stripped from the knee to
the thigh. When the maximum GSV diameter, which was
measured on B-mode transverse projection in the thigh
with the patient in standing position without a tourniquet,
was less than 10 mm, it was ligated at both the saphe-
nofemoral junction and below the knee. The perforators
with reverse flow that lasted longer than 0.5 seconds ob-
served with duplex scanning with a standard 9-MHz imag-
ing probe (PowerVision 8000, Toshiba, Co, Tokyo, Japan)
were defined as incompetent in the study. All incompetent
perforators in the thigh and leg were interrupted with direct
incision or subfascial endoscopic perforator surgery
(SEPS).15,16 Our indications for SEPS were limited to legs
with ulcerations, broad pigmentation, or broad lipoderma-
tosclerosis; otherwise, perforators were interrupted with
direct incision with multiple phlebectomies.
Our external valvuloplasty technique is illustrated in
Fig 1. After dissection of the femoral vein bifurcation or
popliteal vein in the distal thigh, a “strip test” was per-
formed to confirm incompetence of the femoral vein valves.
Then, through a small oblique venotomy, an intraoperative
angioscope was inserted in the direction of venous flow into
the femoral vein about 5 cm below the target valve. During
observation of the shape of the valvular cusps and blood
reflux, several 7-0 polypropylene sutures were placed on
both sides of the vein wall at the level of the commissure to
shorten the valve cusps. The valvular sinus then was plicated
to about 70% of its original outer diameter with a 7-0
polypropylene purse-string suture to prevent a progressive
dilation of the femoral vein. The angioscope then was
removed, and the small oblique venotomy was closed with
7-0 polypropylene interrupted sutures. The procedure was
carried out with systemic heparinization. Mild anticoagu-
lation therapy with warfarin was started the day after the
procedure and continued for 3 months.
Air plethysmographic measurements were performed
in each limb with the use of an APG Model 1000 (ACI
Medical, Inc, Sun Valley, Calif) according to the standard
protocol of Christopoulos et al.17 We measured venous
volume on standing, ejection volume after one tiptoe rise,
and residual limb volume after 10 tiptoe rises. From these
measurements, three ratios were determined in the stan-
dard fashion: venous filling index (VFI), ejection fraction
(EF), and residual volume fraction (RVF). A superficial
occluder was not used in this study. All APG measurements
were done by the same physician before surgery and at 1, 6,
12, and 24 months after surgery.
Postoperative ascending and descending phlebography
was done several days after surgery in the limbs treated with
deep vein valvuloplasty to confirm the immediate effective-
ness of the procedures and to exclude the possibility of
unexpected stenosis accounting for DVT. During the fol-
low-up period, we evaluated competency and patency of
the femoral veins with duplex color Doppler ultrasonogra-
phy. The duplex scans were made with the patients stand-
ing and supporting most of their weight on the contralat-
eral leg. Reverse flow in the deep veins was induced by
Table I. Patient profile
No. Age (y) Male:female C2 C3 C4 C5 C6 C4 to 6
Study group 17 56  11 (range, 39 to 80) 8:9 0 0 12 2 3 17
P  .001
Control group 14 56  13 (range, 33 to 77) 8:6 6 3 4 0 1 5
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squeezing and then releasing the foot, and flow was re-
corded with color flow and spectral Doppler scan functions.
Reflux time of more than 0.5 seconds was used as the
criterion for the presence of reflux. In addition, we checked
for symptoms of congestion in the treated limbs and deter-
mined a venous clinical severity score (VCSS) and a venous
disability score (VDS)18 for outcome assessment.
All values in this study are shown as the mean  the
standard deviation. Differences in values between the two
groups were analyzed statistically with a 2 test or the
Mann-Whitney U test, and postoperative changes in values
in the same group were analyzed with the Wilcoxon signed
rank test. A P value of less than or equal to .05 was
significant in this study.
RESULTS
With descending plebography, one or more valves that
were considered to be acceptable to surgical repair with our
technique were preoperatively detected in the femoral or
popliteal veins of all patients. We performed SVS simulta-
neously with external femoral valvuloplasty in 17 limbs
(study group) and SVS alone in 14 limbs (control group).
Fig 2. Descending phlebography before and after valvuloplasty.
Degree of deep venous reflux was evaluated with descending
phlebography. In almost all cases, venous reflux improved after
surgery to grade 0 or 1 or 2 with Herman and Kistner classifica-
tions.
Table II. APG parameters
VV (mL) VFI (mL/s) EF (%) RVF (%)
Preoperative Study group 162  47 8.8  3.5 41.5  15.9 52.1  16.7
Control group 168  43 9.4  3.8 38.4  8.5 50.2  13.2
Postoperative (at 1 mo) Study group 123  37
*
2.8  1.0
*
49.1  12.2 46.1  15.6
Control group 142  36 7.0  3.6 52.6  16.5 44.5  19.3
*P  .01.
VV, Venous volume.
Table III. Surgical procedures
No. of
limbs
GSV LSV Perforators
Stripping Ligation* Stripping Ligation Ligation SEPS
Study group 17 14 (82%) 3 (18%) 0 17 (100%) 4 (24%) 13 (76%)
P  .001
Control
group
14 11 (79%) 3 (21%) 1 (7%) 13 (93%) 13 (93%) 1 ( 7%)
*At saphenofemoral junction and knee.
LSV, Lesser saphenous vein.
Fig 1. Schema of external valvuloplasty. Intraoperative angio-
scope is inserted into femoral vein. During observation of shape of
valvular cusps and blood reflux, several 7-0 polypropylene sutures
are placed on both sides of vein wall at level of commissure to
shorten valve cusps. Valvular sinus is plicated to about 70% of its
original outer diameter with 7-0 polypropylene purse-string su-
ture.
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No difference was seen in age and gender distribution
between study and control patients, but the ratio of the
patients with CEAP classification 4 to 6 was significantly
higher in the study group (P .001; Table I). The surgical
procedures performed in the study and control groups are
shown in Table II. No difference was seen in the frequen-
cies of GSV stripping and lessor saphenous vein ligation
between the two groups. Although the use of SEPS was
significantly more frequent in the study group (P  .001),
the number of the interrupted perforators in the leg was
almost equivalent at 2.6  0.9 (range, 1 to 4) in the study
group and 2.4  1.0 (range, 1 to 4) in the control group
(not significant).
We performed external valvuloplasty in the femoral
veins of 14 limbs or popliteal veins of three limbs (average,
1.2 valves) in the study group. The procedure required
2.5  1.1 hours for additional deep vein valvuloplasty.
Perioperative complication was encountered in a patient
(5.8%) with mild wound infection in the study group and in
none in the control group (not significant). Descending
phlebography at discharge showed the degree of deep
venous reflux decreased from grade 3 to 4 to grade 0 to 2
after valvuloplasty in almost all study group patients except
in one limb with grade 3 reflux (Fig 2).
Preoperative VFI values in the control and study
groups were 9.4  3.8 mL/min and 8.8  3.5 mL/min,
respectively (not significant), and these values decreased to
7.0 3.6 mL/min (P .01) and 2.8 1.0 mL/min (P
.01), respectively, 1 month after surgery (Table II). Post-
operative VFIs in the study group were significantly lower
than VFIs in the control group (P  .01), and this differ-
ence continued for more than 2 years after surgery (P 
.05; Fig 3). No significant difference was seen in postoper-
ative VFIs between the genders and between the patients
who underwent GSV stripping or ligations in the control
and study groups. EF and RVF values improved slighly after
surgery in either group but were not significant (Table II).
During a follow-up period of 12 to 37 months (aver-
age, 25 months), no DVT or other complications were
observed in both groups of patients. The duplex ultrasono-
graphic results showed that the valvular function of the
femoral veins remained competent in almost all limbs (16
limbs; 94.1%) of the study group patients, whereas the
femoral veins were competent in only four limbs (28.6%) of
the control group patients (P  .01, with 2 test). The
postoperative clinical severity of disease of the patients was
CEAP classification 4 (in 12 limbs) and classification 5 (in
five limbs) in the study group, and classification 1 (in one
limb), classification 2 (in five limbs), classification 3 (in
three limbs) , classification 4 (in four limbs), and classifica-
tion 5 (in one limb) in the control group. The VCSS was
8.9  2.2 before surgery and decreased to 3.4  1.7 after
surgery in the control group (P  .001); it was 12.7  3.1
before surgery and decreased to 2.1  0.3 after surgery in
the study group (P  .001; Table IV). The postoperative
VCSS was higher in the control group than in the study
group (P  .05). Varicose pigmentation gradually wors-
ened in one patient (7.1%) in the control group. No new
skin ulcerations appeared on any limb in either group. The
number of patients wearing elastic stockings daily was four
(23.5%) in the study group and nine (64.3%) in the control
group (P  .05). The VDS was 2.1  0.3 before surgery
and decreased to 1.4  0.6 after surgery in the control
group (P  .001); it was 2.2  0.4 before surgery and
decreased to 0.8  0.8 after surgery in the study group
(P .001; Table IV). The postoperative VDS was higher in
the control group than in the study group (P  .05). The
differences in postoperative VCSS and VDS between con-
trol and study groups were more pronounced in the pa-
tients with CEAP classification 4 to 6.
DISCUSSION
Deep venous reflux is often associated with primary
varicose veins, particularly in limbs that show lipodermato-
Table IV. VCSS and VDS
Preoperative Postoperative
VCSS Study group 12.7  3.1 2.1  1.0
P  .001 P  .05
Control group 8.9  2.2 3.4  1.7
(10.0  3.5) (3.8  2.3)
P  .001
VDS Study group 2.2  0.4 0.8  0.8
P  .001 P  .05
Control group 2.1  0.3 1.4  0.6
(2.2  0.4) (1.6  0.5)
P  .001
Values of patients with CEAP classification 4 to 6 (n  5) in parentheses.
Follow-up was obtained at mean of 25 months after surgery (12 to 37
months).
Fig 3. Change in VFI. Simultaneous SVS and deep vein valvulo-
plasty was performed in 17 limbs (study group, F), and SVS alone
was performed in 14 limbs (control group, Œ). VFI values de-
creased significantly in two groups after surgery. Postoperative VFI
values 1 to 24 months after surgery were significantly lower in
patients in study group than were those of patients in control
group (Mann-Whitney U test).
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sclerosis, pigmentation, or ulceration.3,19,20 A recent
study19 revealed that the presence of junctional incompe-
tence with a high peak velocity and long duration of the
reverse flow significantly increased the incidence of the
deep venous reflux. Walsh et al21 and Sales et al22 reported
that deep venous reflux can be corrected with SVS. They
hypothesized that deep venous reflux develops secondarily
with overload of the deep venous system from superficial
reflux (recirculation theory). However, most of their re-
ported patients had mild symptoms without skin changes
and had solitary segmental deep venous reflux. Although
this theory seems feasible to explain the pathophysiology of
venous hemodynamics and may be applicable in some
patients, it is not possible to identify before surgery the
patients with moderate to severe deep venous reflux and
severe symptoms in whom deep venous reflux will be
resolved with SVS alone. Padberg et al23 conducted a study
to determine the degree of hemodynamic improvement
after surgical ablation of the incompetent superficial and
perforator veins without the addition of a deep venous
surgery. They performed SVS alone on 11 limbs with
combined deep and superficial vein reflux on color duplex
ultrasound scan. APG assessment revealed that VFI was
markedly decreased from 12.5 5 mL/s before surgery to
2.7  1 mL/s after surgery, and EF and RVF were also
significantly improved after SVS. There was an apparent
discrepancy between their excellent results and the data
obtained in this study. This is probably from the selection
of the patients studied because of different criteria used for
deep vein insufficiency. In their study, only four of 11 limbs
had grade 3 or 4 deep vein reflux on descending phlebog-
raphy. They recommended superficial and perforator liga-
tion as an initial step before considering deep venous re-
construction at any grade of CVI. However, in their study,
color duplex scan examination revealed little change of
deep reflux in most limbs. After interruption of superficial
reflux, deep vein reflux disappeared in only three limbs
(27%); one limb had multisegmental reflux, and two had
solitary reflux. Six limbs (55%) were unchanged from the
preoperative findings. The other two limbs (18%), which
had grade 3 or 4 reflux on descending phlebography,
showed worsened conditions after SVS.
In contrast, a high incidence rate of deep venous in-
competence has been reported in patients with recurrent or
residual varicose veins.1 Stuart et al24 reported that when
the patients have a normal deep system, saphenous inter-
ruption alone will correct incompetent perforators in most
(80%) cases. Meanwhile, when the patients have combined
deep, saphenous, and perforator vein reflux, saphenous
surgery alone does not correct perforator incompetence.
Recently, Makarova, Lurie, and Hmelniker25 found that
SVS neither corrects femoral vein reflux nor prevents future
progression of CVI. They evaluated deep venous reflux
with duplex scanning and used the reflux volume index as
their quantitative indicator. In this study, we used primarily
the VFI obtained with APG as the indicator of total venous
reflux from the thigh to leg and obtained similar results.
Although the severity of the deep venous reflux could be
partially corrected with interruption of superficial venous
reflux, major reflux would still remain in the deep system.
Incompetent perforators may increase the preload of
the calf muscle pump and play an important role in the
pathophysiology of lower extremity venous stasis; however,
the indications for surgical perforator interruption also
remain undefined. Because we wanted to focus on the
indications for deep venous valvuloplasty in our study,
incompetent perforators marked before surgery were inter-
rupted in both the study and the control groups with direct
incision or with SEPS. Thus, the difference in the frequency
of SEPS use between the two groups does not account for
the lower postoperative VFIs, VCSSs, and VDSs obtained
in the study group versus those in the control group.
Air plethysmography has proven to be a simple, nonin-
vasive, and reproducible method of evaluating venous he-
modynamics in the leg.17,26 APG provides quantitative
data on valvular reflux and calf pump function, whereas
duplex scanning provides anatomic detail on segmental
reflux and obstruction. Information obtained from duplex
scanning is also important, and APG appears to comple-
ment duplex scanning.27 In this study, the absolute preop-
erative values obtained appear higher for VFI and RVF,
with lower EF than other reports.28,29 This discrepancy is
considered to be the result of bias of the patients studied.
We carefully selected the patients with CVI caused by both
deep and superficial vein reflux. As a result, they had had a
large amount of reflux, reduced calf muscle pump function,
and considerable venous hypertension. Several authors28-31
have reported that the VFI obtained with APG is an excel-
lent predictor of overall venous reflux and the best deter-
minant of the clinical severity of venous disease. EF and
RVF, however, correlate poorly with the degree of reflux
and thus are not significant predictors of the clinical severity
of disease. We used the VFI as the indicator of clinical
severity of CVI. Clinical outcome correlated well with
hemodynamic findings in terms of VFI and femoral vein
valvular competence evaluated with duplex scanning. Su-
perficial occlusion tests have been described in conjunction
with the APG to exclude superficial reflux and to evaluate
the deep system separately. Because they often fail to ex-
clude superficial reflux and are a source of error, we did not
attempt to use occluders in this study.
Deep venous reconstruction has been reserved for pa-
tients in whom less aggressive surgical procedures have
failed to control symptoms. This procedure requires longer
skin incisions, procedure times, and hospital stays and is
more expensive than SVS alone. The morbidity resulting
from valvuloplasty also can not be ignored. Postoperative
complications include hematoma formation (2% to 11%),
wound infection (2% to 4%), seroma formation (2% to 4%),
and DVT (0 to 11%)32; by contrast, these complications are
extremely rare in SVS.33 These data pointed out that addi-
tional deep vein valvuloplasty could improve the efficiency
of limb function and relieve the patient of congestive
symptoms with no significant increase in the incidence rate
of perioperative complications. This relatively aggressive
procedure could be justified to indicate a first intervention
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for the carefully selected patients with CEAP 4 to 6 but not
for patients with CEAP 2 to 3 who are not sufficiently
symptomatic to warrant the potential risk of DVT or other
complication with deep venous surgery.
In conclusion, we evaluated the usefulness of external
femoral valvuloplasty primarily with APG tests. The VFI
was the single best determinant of the clinical severity of the
disease and of postoperative clinical results. To treat pa-
tients with CVI caused by primary valvular incompetence of
both saphenous and deep veins, we believe that complete
interception of both superficial and perforator reflux is basic
and routine to the correction of abnormal venous hemody-
namics. Although further follow-up study is necessary, we
consider that our results point to the functional and clinical
usefulness of femoral valvuloplasty performed simulta-
neously with varicose vein surgery in selected patients with
moderate to severe deep venous reflux.
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